Utilization of native natural enemies that occur in and around orchards is one of the important methods of biological control. For spider mites, several species of predacious mites and insects are considered to represent prospective organisms for Integrated Pest Management in Japan (Amano, 1996) . For the effective use of these predators, it is important to study species composition and the influence of individual species on the spider mite populations in the field, as well as their life-history and behavioral characteristics. However, quantitative evaluation of the predation intensity of natural enemies on their prey populations has been difficult, because the prey are often completely consumed or the eaten prey are difficult to find in the field (Kiritani and Dempster, 1973) . In particular, spider mite mortality is practically impossible to assess because of their small size. Thus, studies on the influence of predation on spider mite populations have been limited to simple records of population dynamics of spider mites and their predators, and have provided limited information, such as alleged 'key' predator species in fruit orchards where several predator species usually occur (Croft and Brown, 1975; Chazeau, 1985) .
INTRODUCTION
Utilization of native natural enemies that occur in and around orchards is one of the important methods of biological control. For spider mites, several species of predacious mites and insects are considered to represent prospective organisms for Integrated Pest Management in Japan (Amano, 1996) . For the effective use of these predators, it is important to study species composition and the influence of individual species on the spider mite populations in the field, as well as their life-history and behavioral characteristics. However, quantitative evaluation of the predation intensity of natural enemies on their prey populations has been difficult, because the prey are often completely consumed or the eaten prey are difficult to find in the field (Kiritani and Dempster, 1973) . In particular, spider mite mortality is practically impossible to assess because of their small size. Thus, studies on the influence of predation on spider mite populations have been limited to simple records of population dynamics of spider mites and their predators, and have provided limited information, such as alleged 'key' predator species in fruit orchards where several predator species usually occur (Croft and Brown, 1975; Chazeau, 1985) .
The eggs of Panonychus mites, such as Panonychus citri (McGregor) and Panonychus ulmi (Koch), have hard shells and are securely attached to leaves (Beament, 1951) . Thus predators are thought to leave specific feeding traces on the eggs without the shell shrivelling. If the predator species eating the eggs could be identified from feeding traces on the eggs, the influence of predation of individual species on prey populations could be assessed quantitatively even in the field. In the present study we examined the feeding traces left by common predator species on P. citri eggs by scanning electron microscopy. Then we evaluated the impact of individual predator species on P. citri populations on pear trees from their feeding traces.
MATERIALS AND METHODS
Observation of feeding traces on the eggs of P. citri by scanning electron microscopy. Predators used in this study were: Oligota kashmirica benefica Naomi (adults, and 1st and 3rd stadium larvae), Stethorus japonicus H. Kamiya (adults, Appl. Entomol. Zool. 36 (1): 91-95 (2001) 91 Evaluation of predation on Panonychus citri (McGregor) (Acari: Tetranychidae) from feeding traces on eggs 1 and 1st and 4th stadium larvae), Scolothrips takahashii Priesner (adult females), Feltiella sp. (4th stadium larvae), Amblyseius californicus (McGregor) (adult females) and Agistemus terminalis (Quayle) (adult females). The species used are all native and common predators of spider mites in Japan. These predators and their prey, P. citri, were collected from a pear orchard at the National Institute of Fruit Tree Science, Tsukuba, in eastern Japan in August 1995.
Five to 10 adult females of P. citri were allowed to oviposit for 24 h at 25°C: 16L8D on 3 cmϫ3 cm pear leaf discs placed on water-saturated cotton in petri dishes, and then removed. Thereafter, 2 to 5 individuals of each predator species were transferred to the leaf discs, allowed to feed on the eggs for 12 to 24 h and then removed. We cut out 5 mmϫ5 mm leaf sections containing an abundance of eggs that had been consumed by the predator from the leaf discs under a stereomicroscope. The leaf pieces, without any preliminary preparation, were set on brass mounts for SEM with double faced tape, and coated with gold by an ion spatter. We then observed the specimens with a scanning electron microscope (JEOL JSM-840A).
Population census on pear to identify predator feeding traces on P. citri eggs. As it was possible to identify the predator species from the shape of their feeding trace, we evaluated the predation on the P. citri eggs in the field. A single census tree was selected in a pear orchard consisting of 40 trees of several varieties in the National Institute of Fruit Tree Science. The census tree was located in the center of the orchard. No pesticides and acaricides except for petroleum oil in winter were sprayed in this orchard. P. citri was most abundant, with an occasional occurrence of Tetranychus kanzawai Kishida on the pear.
At intervals of 2 to 4 weeks, 40 leaves were collected at random from the census tree from 10 May to 11 November, 1996. The leaves were put into paper bags and kept inside plastic bags in a cooler box. We counted P. citri eggs and all observed stages of predators using a stereomicroscope. Thereafter, we cut out 6 leaf pieces (about 3 mmϫ3 mm) per leaf with an abundance of P. citri eggs, which were thought to have been eaten by the predators. These pieces were prepared for SEM as described above. We then counted the eggs eaten by each predator species using a scanning electron microscope.
RESULTS AND DISCUSSION
Identification of predator species by the shapes of the feeding traces on P. citri eggs
The shape of the feeding trace left on the P. citri eggs differed clearly among the predator species studied (Fig. 1a-h ). The two coleopterous predators, O. kashmirica benefica (Fig. 1a, b) and S. japonicus (Fig. 1c, d ) made two large holes on the eggs. The left and right holes made by adult O. kashmirica benefica had different shapes (Fig. 1a) , and the former was larger (about 50 mm along the major axis) than the latter (about 30 mm). Larvae of this species made roughly circular holes about 7 mm (1st stadium) to 15 mm (3rd stadium) in diameter (Fig. 1b) .
Adults of S. japonicus made two roughly triangular holes about 50 mm on each side (Fig. 1c) . On the other hand, the holes made by the larvae were horizontal oval about 10 mm (1st stadium) to 30 mm (4th stadium) along the major axes (Fig. 1d) . The interval between the holes was below the major axis of each hole, which were narrower than those of holes made by the larvae of O. kashmirica benefica. The two holes were occasionally connected in both adults and larvae of this species.
In contrast, A. californicus made a single long, oval hole about 15 to 20 mm along the major axis (Fig. 1e) . Feltiella sp. also left a single pore about 3 to 5 mm with a partition (Fig. 1f, fЈ) . A threadlike substance was sometimes observed around the pore. S. takahashii made many circular pores (about 2 mm) on the upper side of the eggs (Fig.  1g) . A. terminalis also made several pores on the egg (Fig. 1h) . However, because these pores were lozenge-shaped (Fig. 1hЈ) , they were easily distinguished from those by S. takahashii.
The results show that it is possible to identify the predator species that consume eggs from the shape of their feeding traces. The specific shape of the feeding trace seems to be related to the shape of the mouthparts and feeding behavior of the predator: biting with the mandibles (O. kashmirica benefica (Shimoda et al., 1997) , and S. japonicus), cutting the shells of the eggs with the chelicerae (Phytoseiidae (Flechtmann and McMurtry, 1992) ), sinking the mandibles into the egg (Feltiella sp. (Raymond, 1995) ), and piercing with the mouth- part (thysanopterous predators such as S. takahashii (Chazeau, 1985) ). The difference in the shape between right and left holes made by adult O. kashmirica benefica appears to be due to their asymmetric mandibles (Shimoda, in preparation) .
Evaluation of predation pressure from individual predator species of P. citri on pear by predation traces on eggs P. citri begins to occur in mid-July on the census tree, as was reported by Gotoh and Kubota (1997) . The density of eggs of P. citri increased to a maximum (ca. 260 per leaf) in late August, but two weeks later, decreased abruptly (Fig. 2a) . The predator density suddenly increased with the increase of P. citri (Fig. 2a) . Oligota spp. (mostly O. kashmirica benefica with a small number of Oligota yasumatsui Kistner) were most abundant at the time of prey peak, but then S. takahashii occupied the highest proportion when the prey density became low. S. japonicus, Feltiella sp. and A. terminalis were consistently rare, the maximum density being only 0.15, 0.05 and 0.08 per leaf, respectively. Figure 2b shows the proportion of P. citri eggs with feeding traces of individual predator species. Eggs with feeding traces accumulated with the occurrence of P. citri and its predators, and many of these eggs remained on pear leaves even in late September when P. citri and the predators had disappeared, because they were securely attached. Thus the proportion on each date of observation was considered as the relative impact of predation on P. citri eggs by individual species when they were on the leaves. The proportion of eggs with a feeding trace of Oligota spp. was constantly high from 44% to 63% (Fig. 2b) . The proportions of eggs with traces of S. japonicus and S. takahashii were similar (about 20-30%), although the population density was lower in the former than in the latter. The proportion of prey eggs eaten by Feltiella sp. and A. terminalis remained small.
These results imply that Oligota spp. was the most prominent predator of P. citri eggs in this pear orchard, although both Oligota spp. and S. takahashii showed high population densities. S. japonicus showed a high proportion of feeding traces considering its population density. Differences between the proportion of eggs with feeding traces of each predator species and the population density of the predator may be due to higher predation capacities of Oligota spp. (Shimoda et al., 1993) and S. japonicus (Tanaka, 1966) than that of S. takahashii (Nakagawa, 1988) . Such variation in predation capacity among predator species is not accurately reflected in the simple record of population dynamics of spider mites and their predators in the fields. Therefore, it has been difficult to quantitatively evaluate the influence and relative importance of each predator species on the population of spider mites in the field in particular, such as in fruit orchards where several predator species occur (Chazeau, 1985; Congdon et al., 1993) . Furthermore, the effectiveness of predators with a high predation capacity, such as Stethorus species, tend to be under-estimated because they generally show low abundance, or their precise densities are difficult to estimate (Congdon et al., 1993) . The present study revealed the impact of each predator species on Panonychus species more directly.
On the other hand, the relationship between the change in the proportion of P. citri eggs with feed-94 H. Kishimoto and K. Takagi ing traces of each predator species and its population dynamics was unclear (Fig. 2a, b) , because the proportion was a relative and accumulated value as described above. Thus, to clarify this relationship, it is necessary to assess the percentage of egg predation by each predator species accurately. Then the effect of predation by each predator species on the suppression of spider mite populations should be analyzed for effective use of native predators in the fields.
